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REMARKS 

Formal Matters 

Applicant thanks the Examiner for acknowledging the claim for foreign priority and 
receipt of the priority documents. 

Claims 1-18 are all the claims pending in the application. Claim 1 is the only 
independent claim. Claims 2-4 and 18 have been withdrawn from consideration, as being 
directed to a non-elected invention. Claims 1 and 5-17 have been examined. 

Drawings 

The Examiner has objected to the drawings. First, the Examiner alleges several 
inconsistencies between the drawings and the specification. In view of this objection, Applicants 
have amended the drawings by deleting reference numerals not mentioned in the specification 
and also providing the alternative reference numerals 26 A', 26B', 43', and 43". The proposed 
amended drawings are attached. 

Second, the Examiner alleges that some features from the original claims are not shown 
in the drawings. As is discussed below, Applicants have cancelled original claims 1-18 and have 
added new claims 19-34. Applicants respectfully submit that in view of canceling the original 
claims and adding the new claims, this objection is moot. 

Finally, Applicants have also provided new Figures 28 and 29 in order to overcome the 
Examiner's objection to the drawings with respect to original claim 6. 
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New Fig. 28 is not new matter at least because it is supported by page 13, lines 23-27 
(now labeled para. [0058]) of the original specification. Fig. 28 represents an additional non- 
limiting embodiment of claim 6 (new claim 22) and is a modification of Fig. 27. 

In Fig. 28, the central hydraulic device (43') has been separated into two simple central 
devices (73) which are equal and result from division into two halves of said central hydraulic 
device (43') of figures 22, 23 and 24, which can be considered as double, each simple device 
comprising the double piston (55), formed by the pistons of larger (55 A) and smaller (55B) 
diameter which reciprocate, respectively, in cavities (56'-57' and 58'-59') of each of the 
cylinders (52'-53'). 

In this spatial configuration of the simple central hydraulic devices (73) the end cavities 
(74), formed between the larger diameter pistons (55A) and the closed wall of the cavities (56'- 
57') are connected by means of conduit (75) which interposes a three way valve arrangement 
(76), flanked by two pneumatic expansion chambers (62'), allowing that acting on the pistons of 
larger diameter (55 A) of both simple central hydraulic devices (73), provided with 
hydropneumatic damping means (67'), increases the height of the body of the means of the 
conduits (61) with the cavities (56'-57' and 58'-59') of the cylinders (52'-53') constitutive of the 
simple central hydraulic devices (73). 

In addition, Applicants have added new Fig. 29, which is a combination of Figs. 27 and 

28. 

With respect to the objection to claim 10 (new claim 26), Fig. 22 shows a non-limiting 
embodiment of the damping means (67) inserted in the conduits (61). 
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With respect to the objection to claim 1 1 (new claim 27), Fig. 26 shows a non-limiting 
embodiment of conduit (61) in which the expansion chambers (68) are inserted through electro- 
valves (69), such as described in lines 6-12 on page 14. 

With respect to the objection to claim 14 (new claim 29), a non-limiting embodiment of 
the feature of a means for introducing pressurized gas is shown in, for example, Figs. 21, 23 and 
24 and described in the specification at page 14, lines 22-31. Reference numerals have been 
added for the entries (M) of a fluid pressurized by a pump in Figs. 21, 23, and 24 and for the 
pump (P) in Fig. 21. 

With respect to the objection to claim 16 (new claim 31), as non-limiting embodiment of 
flow from one cavity to another is now shown in new Fig. 29. This feature has been described in 
the original specification at page 14, lines 8-32 and page 15, lines 1-4. 

Specification 

The Examiner has objected to the specification, alleging several informalities. In 
response, Applicants are submitting a substitute specification - two versions of the substitute 
specification, one showing changes and one with the changes made. 

Claim Objections and Rejections under 35 U.S.C. § 112 

The Examiner has made several objections and rejections under 35 U.S.C. §112, first and 

second paragraphs. As is discussed below, original claims 1-18 have been cancelled and new 
claims 19-33 have been added. Applicants respectfully submit that these objections and 
rejections are moot in view of the cancellation of the original claims. 



11 



Amendment Under 37 C.F.R. §1.111 
Serial No. 10/031,872 
SughrueRef: Q68112 



In view of the multitude of rejections, Applicants have cancelled original independent 
claim 1 and added new independent claim 19, as shown hereinabove. 

In addition, Applicants have added new dependent claims 20-33, which correspond to 
original claims 2 and 5-12, and 14-18, respectively. Applicants respectfully submit that the new 
claims except new claims 2 and 33 are directed to the elected species. 

Claim Rejections Under 35 U.S.C. § 102 and §103 

Claim 1 is rejected under 35 U.S.C. § 103(a) as being allegedly anticipated by 

Rhondenburg (DE 28 10 629). Claims 1, 5, and 6 are rejected under 35 U.S.C. § 102(e) as being 
allegedly anticipated by Heyring et al. (US 6,270,098). Claims 1, 5-7, 10, 13, and 14 are rejected 
under 35 U.S.C. § 103(a) as being allegedly unpatentable over Sakai (US 5,486,018) in view of 
Heyring and Rhondenburg. 

With respect to new independent claim 19, Applicants respectfully submit that the claim 
is allowable at least because none of the applied references teaches or suggests the claimed 
device having a central resilient element, and two central actuating elements, wherein the central 
resilient element is capable of opposing a force provided by a first of the central actuating 
element and a force provided by a second of the central actuating elements. 

For example, Rhodenburg discloses a flow distributor having pistons and cavities, but 
does not disclose a central resilient element with two central actuating elements. Rhodenburg at 
Figs. 1-3. In addition, Heyring discloses a vehicle with a central load distribution system 
including fluid chambers with rods 34, 35 that expel fluid out to fluid communicating conduits 
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14, 14, 16, 17 when fluid is communicated into the distribution system by the fluid 
communicating conduits. 

However, Heyring is deficient at least because Heyring's central load distribution system 
is not capable of transmitting a force via a wheel transforming element to a wheel actuating 
element associated with a set of at least one wheel that is diagonally opposed to a set of at least 
one wheel that is subjected to a vertical force. Instead, the rods 34,35 merely transmit a force to 
adjacent wheels. For example, Fig. 1 shows that the force of the hydraulic ram 2 is directly 
transmitted to the diagonally opposed hydraulic ram 1 by the conduit 10. 

Finally, Sakai discloses a suspension system having at least one pressure balance control 
accumulator arrangement 115 including an accumulator and a flow control 1 14. See Sakai at 
Figs. 1-14. However, Sakai does not disclose the claimed invention. For example, Sakai merely 
shows in Fig. 10 an embodiment in which the diagonally opposed shock chambers 102 are 
connected by separate accumulator arrangements 116. Furthermore, Fig. 12 of Sakai shows a 
accumulator that connects the shock chambers 102 to adjacent shock chambers. The opposing 
shock chambers 102 are instead directly connected. 

Applicants respectfully submit that no combination of the applied references would 
include all of the limitations of new claim 19. 

Therefore, for the reasons discussed above, Applicants respectfully request the Examiner 
to allow new claim 19. In addition, Applicants request the Examiner to allow dependent claims 
20-33 at least because of their dependency from claim 19. 
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Conclusion 



In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




Registration No. 46,027 



WASHINGTON OFFICE 



23373 



CUSTOMER NUMBER 



Date: January 29, 2004 
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ANT-IROLL AMD-ANTJ-PJTCH-SYST-EM EOR-A--VEHICLE, AND 

DEVICE FOR ITS IMPLEMENTATION 

DESCRIPTION 

Field of the invention 

[0001] This invention relates to an antiroll and anti-pitch system for a vehicle, and to the devices 
for its implementation, specifically a system to be applied to vehicles provided with four sets of 
one or more wheels wh ee ling s e ts, Gp e oially four of th e m . , e ach The system constitut e d by on e 
or mor e wh ee ls, such syst e m that coop e ratin g either cooperates with the vehicle^ suspension 
system or substituting i t substitutes for the vehicle's suspension system , allows that th e wh ee ling 
set s in order to allow the four sets of wheels to keep contact with the ground and to keep an even 
distribution of load even in the cas e o fi f the vehicle is subject to uneven terrain ^, b e ing such 
wh ee ling s e ts Where the sets of wheels are provided in a two-by-two manner, the sets that 
diagonally oppose each other are related rolated two to two in diagonal dir e ction, in such a way 
that the loads created by the vertical movements of one of the wh ee ling sets are transmitted to 
the opposite wh ee ling s e t set in order to transmit such a force that creates a similar movement in 
the vertical direction o f such wh ee ling s e t the opposite wheel. , so as tha t The system cooperates 
coop e rating with the suspension of the vehicle^ or substituting i t is substituted for the suspension 
of the vehicle- in order to allow tha^all of the vehicle's w heels tokeep contact with the ground 
even if the terrain i t-is irregular and do not induc e prevents unwanted effects e nthat are caused 
by the- aa uneven terrain. 

[0002] A Vehicl e vehicle suspension is built mainly with coil springs and resilient elements that 
bear the vehicle bod y, transmittin g and transmit its weight and the inertial forces to the wh ee ling 
set swheels. , providing th e This provides a means to absorb the shakesvibrations caused by the 
travel of the vehicle over the road irregularities. _Such springs and elastic elements are 
accompanied with shock absorbers in order to raede tminimize the sprung movements and to 
avoid prolonged oscillations. 
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_[0003]JJLaMjtio^ 

must provide s e curity o f a safe ride, keeping an optimal position in the straight trajectory, and 
vehicle s e curit y safety during cornering. 

[0004] Vehicle stability is strongly related with the oscillations of the vehicle body along its 
courser^ when i ithe vehicle experiences feHrheading^ and spin p itch, and roll movements in 
addition to rebounds. Such oscillations have to be absorbed to increm e n t increase the stability and 
comfort of vehicle ride. 

State of the art 

[0005] Stabilizing bars are well-known means used to control the roll naturally generated when 
the arvehicle is in operation. 

[0006] A Conv e ntional conventional anti-roll system uses a stabilizing bar that has a small 
resilient component to ge£4he provide adequate comfort aleftg-during_the ride. , but th e n it This 
system, however, cannot accomplish its purpose satisfactorily when the vehicle turns, b e ing this 
caus e d b y due to the centrifugal force generated when cornering. 

[0007] On the contrary, if the anti-roll bar is very stiff, it will interfere with the suspension 
system and will d e t e riorat e impair- the comfort of the vehicle ride. 

[0008] Wo have knowledge of e xisting In U.S. patent s 2.810.387 2,840,387 in which , the forces 
created in a vehicle wheel as it turns are transmitted by two tie-rods to the diagonally opposed 
wheel, which reproduces the force in the same direction, 3.1 4 7.990 . In US patent 3,147,990, 4 n 
which the wheels on one side of the vehicle are connected to each other and also to those on the 
other on the other side by means of torque arms . In , 3.992.026 U.S. patent 3,992,026 , wher e 
right and left torsion bars tha^generally extend in the longitudinal direction ^and interconnect the 
right and left sides of e xisting a_front anti-roll bar with right and left rear suspension arms^ 
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respectively ?. In^rgO^rjjgUj . patent_5 ? 505,479, where-two front su spension Joweiiarms 

trans v e rsally are aligned transversallv between opposite front and rear wheels, and r e lat e d 
betw ee n th e m connected by a resilient element located longitudinally, all this with for the 
purpose of transforming the vertical movements of the wheels into a rotary motion as seen from 
the front of the vehicle. r^md -U.S. 5.882.017 patent 5.882,017 , wh e r e a perpendicular 
connecting rod is_coupled to the vehicle and a pair of articulating elements tha^link such 
connecting rod to the front wheels, including a pair of travel limits selectively actuated that 
communicate with the central part of such connecting rod. 

[0009] W e also have knowl e dg e of pat e nts In ES 2110 509 A in which the forces created in one 
wheel are transmitted hydraulically to the diagonally opposed wheel, using double-effect 
hydraulic cylinders . In? WO 95/23076 ^ in which similar to the above, the forces created in one 
wheel are transmitted to the diagonally opposed wheel by means of double-effect cylinders and, 
in one case, the single-effect cylinders connect the wheels on one side to each other and to a 
central device^Jn FR 1.535.641. US 3.752.497 p atent 3.752.497 and US patent 
5. 44 7.332 5,447,332, where-double acting hydraulic rams are used on each wheel rekte dprovided 
two to two two -by- two. ; having th e The last two patents having a central device that relates the 
four wheels and includes a double or triple hydraulic cylinder where some linked pistons move 
in the same direction. 

Summary of the invention 

[0010] All known anti-roll systems interfere at c e rtain to some extent with the existing 
suspension system, as they have to show a critical resiliency to suit stability and adaptability to 
uneven terrains. 

[001 1] Therefore, it is desired to have an anti-roll system, and also an anti-pitch system that 
would not interfere in geometric terms with the existing suspension system, and that can 
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co operate with the suspension jvstem or substitute itfor the suspension system , being able to 

show an arbitrary rigidity without compromising the vehicle stability. 

[0012] With such premises, it has b ee n d e v e lop e d th e an anti-roll and anti-heading system for a 
vehicle has been developed that, along with its implementation devices, constitut e s provides the 
object of present invention. . consisting this ln this system in th e arrang e m e nt b e tw e en the 
wh ee ling s e ts wheels are related through interaction means that receive the effect from one or 
more whe e ling s e t wheels and ad e quat e th e m before transmitting the effecti t to the other 
whe e ling s e ts wheels in order to maintain a uniform load distribution of the weight and reduce the 
vehicle heading and rolling. 

[0013] The invention assumes that the transmission of th e forces created by the vertical 
movements from one wh ee ling set of wheels are transmitted to the diagonally opposite eneonset 
of wheels impl e ment e d either through mechanical means able to resiliency resist forces of 
traction, compression, torsion and flexion, through hydraulic means, through pneumatic means 
or through electrical or electronic means used to command servo actuators on each wheeL_ T 
b e ing thes e These means can be consider e d provided either separately or an y combinatio n of th e ir 
combinations . 

[0014] According to the above-mentioned possibilities of implementing the system, the invention 
includes several cases of proper devices to implement the current system. 

[0015] As in this invention, an anti-roll and anti-pitch device for a vehicle comprises a receiving 
element that associat e d connected with a first wh ee ling set of wheels of the vehicle, which 
transmits the wheel vertical movements to a direct transforming element that converts themthe 
vertical movements into horizontal movements. ; which in turn, through anAn inverse 
transforming element ^converts these horizontal movements are convert e d into vertical 
movements that tak e e ff e ct onto a are transmitted to a second wheeling set diagonally opposed to 
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thefirst wheel ,_causing a vertical move ment analo gous to the ene4 nmovement of the first 

wh ee ling s e t wheel . 

[0016] In all these cases, the direct transforming element is related with the inverse transforming 
element by means of a transmission element that can be mechanical, hydraulic, pneumatic or 
electric. 

[0017] One characteristic of this invention is the case where receiving and actuating elements are 
made of a rod connected on one end to one wheeling set through a universal joint, while the 
other end is articulated to a direct transforming element in the receiving end case, and to an 
inverse transforming element in the case of an actuating element. In this case, the direct 
transforming element is a first kind angled connecting rod, and the inverse transforming element 
is a second or third kind angled connecting rod, which pivot points are supported by the vehicle 
body through bearings. 

[0018] According to this invention, the transmission means between pairs of direct and inverse 
transforming elements are made up by a rigid bar, connected at its ends with each transforming 
element. It has been anticipated too that the transmission means can be made of two flexible 
stays, in which case the two transforming elements are made of three arms connecting rods 
shaped as "T", with the pivot point near the intersection, the stays connected to the two ends of 
the shorter arms, and the third arm of both transforming elements working in the vertical 
direction. 

[0019] It is also a characteristic of this invention that the resilient elements connected to the 
transmission elements are connected to the the-vehicle body through an articulated balance beam, 
in such a way that the its ends are connected to the resilient elements and the center is joined to 
the vehicle body. 
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[ 0020 ] An ot her chara cteris tic of th is inv ention is that th e receiv ing and actuating elements can _b.e_ 
the rods of pistons of single effect hydraulic rams, which are in turn the direct and inverse 
transforming elements, related through hydraulic conduits. 

[0021] In one case, the hydraulic circuit is constituted by the two single effect hydraulic 
cylinders, which are the direct, and inverse transforming elements, and a hydraulic conduit that 
includes an inserted actuating device to keep the pressure in the circuit. 

[0022] It is also a characteristic of this invention that when each receiving and actuating device is 
made up of single effect rams, the direct and inverse transforming elements are organized 
through interaction means made up of a central device built as a hydraulic ram containing two 
opposed concentric pistons with same areas each, and a spring or pressurized fluid acting in 
between of them, having each cylinder end a coaxial cylindrical compartment in correspondence 
with the active sections of such pistons, having each compartment a connection with the 
respective receiving or actuating element. 

[0023] There is another preferred implementation where the interaction means that are related 
with each pair of wh ee ling sets of wheels is built as a central hydraulic device made of three 
concentric coupled cylinders, closed at the ends of the set, where the central cylinder is of a 
larger diameter, and the two cylinders at its sides are both of equal diameter, having inside the 
cylinders two double-pistons, with no external rod, and one larger piston found inside the central 
cylinder, and a smaller piston in one of the smaller cylinders, in such a way as to determine five 
cavities: one central cavity, and two pairs of cavities at each side of the device separated by the 
smaller diameter pistons, being the double cavities at each end of the device connected 
respectively to the hydraulic conduits corresponding to hydraulic single effect rams at each 
diagonally opposed wheeling set, while the central cavity is connected to an actuating device 
built with resilient means and/or a fluid susceptible of being connected to an expansion chamber 
that opposes to the two double pistons getting closer to each other. 
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[0024] Another characteristic of the invention is that the central device central cylinder has an 
area approximately double to the areas of each side cylinder. 

[0025] It is evident that with the appropiat e appropriate modifications, such hydraulic elements 
can be adapted to become of pneumatic type. 

[0026] The invention anticipates that the resilient means in the central cavity are actually 
provided by two elastic elements, each actuating independently on each of the larger pistons that 
close such central cavity, so the central hydraulic device is divided in two halves related through 
an additional conduit provided of flow regulation means. 

[0027] Each double piston in the central hydraulic device can be built from two or more 
conventional pistons, linked with each other although actuating each one on independent 
hydraulic single effect rams, in such a way that the two or more new cavities of the new 
cylinders come to substitute the two pairs of cavities formerly separated by each piston of 
smaller diameter following the diagonal scheme, and linking the two groups of pistons through a 
resilient element acting as the former central cavity. 

[0028] The invention contemplates the following facts: 

a) Hydraulic fluid regulation or damping devices are inserted in the hydraulic conduits 
from the central device to each hydraulic ram linked to the wheeling sets, or in between the 
cylinders associated to conjugated wheeling sets. 

b) The central cavity, the two pairs of side cavities, the conduits that connect these with 
the hydraulic rams at each wheeling set, or the hydraulic cylinders can be connected to one or 
more expansion pneumatic chambers through electro valves. 

c) The four conduits that connect the double side cavities from the central hydraulic 
device to each hydraulic ram at the wheeling sets is susceptible of being communicated through 
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device s that allow a limited volume flow depending on the pressin^^fferentjal betwee n th e 
conduits, being these devices preferably applied between conduits to wheeling sets at the same 
side of the vehicle. 

[0029] It is also possible to provide the means of introducing pressurized hydraulic or gaseous 
fluid in the central cavity, or drain it, with the purpose of varying the average distance between 
the wheels and the vehicle body. For this purpose it can also be used a mechanical device to 
provide a thrust between the two larger diameter pistons found in the central cavity of the central 
hydraulic device. 

Brief description of the drawings 

[0030] FIG. 1 is a diagrammatic representation of the anti-roll and anti-pitch suspension system 
for a vehicle. 

FIG. 2 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through a single push-pull strut. 

FIG. 3 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through a single torsion bar. 

FIG. 4 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through an articulated torsion bar. 

FIG. 5 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through a pair of pull-only flexible stays. 

FIG. 6 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through single effect hydraulic rams 

FIG. 7 is a diagrammatic representation of the device that relates two diagonally opposed 
wheels through servo actuators and an electrical/electronic circuit. 

FIG. 8 is a diagrammatic perspective representation of the transverse configuration for 
the wheels torsion bars related diagonally in pairs through two transmission bars crossing over at 
some point. 
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FIG. 9 is a d iag rammatic perspective rep resentation of rear side of c onfiguration showed 
in FIG. 8 where such transmission bars are connected to the vehicle body through independent 
resilient elements. 

FIG. 10 is a diagrammatic perspective zoomed representation of the resilient elements in 
FIG. 9. 

FIG. 1 1 is a diagrammatic representation of a configuration similar to FIG. 9 where the 
independent resilient elements are placed at a mid point of the transmission bars. 

FIG. 12 is a diagrammatic zoomed perspective representation of the configuration of FIG. 

11. 

FIG. 13 is a diagrammatic representation of a detail like FIG 12 where the two resilient 
elements are not independent and are related through a balance beam. 

FIG. 14 is a diagrammatic representation of a detail like FIG 10 where the two resilient 
elements are not independent and are related through a balance beam. 

FIG. 15 is a diagrammatic perspective representation of transverse configuration based on 
torsion bars where the transmission bars are equally crossed and connected through a common 
resilient element in this case under compression. 

FIG. 16 is a diagrammatic perspective representation of a longitudinal configuration 
based on torsion bars where the transmission bars are located transversely. 

FIG. 17 is a diagrammatic perspective representation of a configuration for a four-wheel 
vehicle based on torsion bars related through crossed transmission connected to a common 
resilient element. 

FIG. 18, 19 and 20 are is a diagrammatic perspective and zoomed representations of 
details of FIG 17. 

FIG. 21 is a diagrammatic representation of a hydraulic device with simple effect rams 
applied to the four vehicle wheels. 

FIG. 22 is a diagrammatic representation of a hydraulic device with simple effect rams 
applied to the four vehicle wheels. 
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FIG. 23 re p resents a s ect ion of the im plementat i on of the central hydraulic device found_ 
in previous FIG. 

FIG 24 represents a perspective section of the implementation of the central hydraulic 
device found in FIG 22. 

FIG 25 is a diagrammatic representation of an alternative implementation of the central 
hydraulic that has is functionally equivalent to the device represented in FIG 22 and 23. 

FIG 26 is a diagrammatic representation of multiple expansion chambers that allows the 
adjustment of suspension stiffness. 

FIG 27 is a diagrammatic representation of limited volume transfer to be inserted 
between two hydraulic circuits. 

Figs. 28 and 29 show additional embodiments- 
Detailed description 

[0031] The proposed anti-roll and anti-pitch suspension system relates, as represented in FIG 1, 
the pairs of diagonally opposed vehicle wheels, in such a way that the forces created by the 
vertical movements of one of them are transmitted to the conjugated wheel in order to 
communicate a force that determines analogous movements in the same vertical direction. 

[0032] FIG 1 shows the front-left wheel A, front-right wheel B, rear-left wheel C and rear-right 
wheel D. The proposed system relates wheels A with D, and wheels B with DC. 

[0033] The axis of each wheel A, B, C and D is linked with a rigid element 1, which in turn is 
connected on wheels A and B to first kind connecting rods pivoting on 3, and on the other 
wheels to second or third connecting rod 4 pivoting on 5, being each connecting rod 2 related 
with connecting rod 4 diagonally opposite through a transmission element 6. 

[0034] FIG. 2 shows how a vertical force FB created by the terrain irregularities on the element 1 
of wheel B is transformed through the corresponding connecting rod 2 into a non vertical force F 
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th at g oes to the co rrespond ing connectin g rod 4 and gets transforme d into a vertical force FC 

analogous to FB in direction and intensity. 

[0035] The transmission of forces determined by the vertical movements in any of the two 
wheels of a diagonally opposed set is carried through mechanical means able to resiliently resist 
traction, compression, torsion and flexion forces, hydraulic and/or pneumatic means, and electric 
and/or electronic means that actuate through actuators on each wheel. 

[0036] In general, this system can be implemented through a device as described below 
following again FIG 2. 

[0037] The device has a rigid element 1 that related with a first vehicle wheel B transmits its 
vertical movements FB to a direct transforming element such as connecting rod 2 that transforms 
them into horizontal or non-vertical movements, which in turn are transmitted through the 
elements 6 into an inverse transforming element such as connecting rod 4 that transforms these 
horizontal movements into vertical movements of the rigid actuating element 1 of a diagonally 
opposite second wheel C, subject then to a vertical movement analogous to the first wheel. 

[0038] We have named receiving element or actuating element to the same rigid element 1, using 
the first meaning when this is the element that receives the terrain irregularity, and the second 
meaning when it actually transmits the movement to the wheel, so on both wheels receiving and 
actuating elements are the same. Analogously we can apply the same convention to the inverse 
and direct transforming elements. 

[0039] In one of the implementations of this device, the rigid elements 1 acting as receiving or 
actuating element, are made up by an articulated connecting rod, linked through a joint 7 to one 
wheel at one end, and throng a second joint 7 to a direct transforming element in the other end, 
being this transforming element made of a first kind angled connecting rod 2 when the rigid 
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element 1 work s as a receiver, and an inverse transforming element made of a second or third 
kind angled connecting rod 4 when the rigid element 1 works as an actuator. 

[0040] The transmission means 6 are made up by: a rigid bar linked at each end to the 
transforming elements 2 an 4 as seen in FIG 1 and 2; a one-piece torsion bar 8 linked to the 
vehicle body at point 9 such as in FIG 3; by a torsion bar articulated through universal joints 10 
as in FIG 4; and by two flexible pull-rods 1 1 as in FIG 5, where the two transforming elements 
are made of "T" shaped connecting rods 12 of three arms pivoting on 3 near the intersection, 
being the ends of the aligned arms connected to through joints 7 the ends of the crossing pull- 
rods 1 1, in such a way that the third arm actuates along the same vertical direction at each rigid 
element 1 working as receiving or actuating elements. 

[0041] Another implementation of the invented device, as seen in figure 6, the rigid elements are 
the rods 13 connected to the pistons 14 of single effect hydraulic rams 15 mounted through a 
joint 15A to the vehicle body, being such pistons the direct and inverse transforming elements as 
shown in FIG 6, where the hydraulic rams 15 are related through conduits 16 that have an 
actuating device 17 that using hydraulic rams 18, elastic elements 19 and/or pneumatic means 20 
keep the pressure in the circuit. 

[0042] FIG 7 represents the case where each wheel has a conjugated pair of a servo actuator 21 
related to a control unit 22. 

[0043] As seen in FIG 8, direct and inverse transforming elements are made of torsion bars 23 
with an arm 24 at each end; one connected to one wheel support 25, and the other to a 
transmission element 26. Such transmission elements 26 cross over in order to diagonally relate 
each conjugated pair of wheels. 
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[0044] As s een in F I G 9 and detailFIG 10, each trans mission el ement 26 A, 26 B is conno ted to 
the vehicle body through an elastic element such as a coil spring 27 placed between two brackets, 
one 28 fixed to the vehicle, and the other 29 fixed to the end of the transmission element. 

[0045] The placement of coil springs 27 can be implemented as indicated in FIG 1 1 and 12, 
where the transmission elements 33 are made of two segments 26A and 26B joined at a plate 30 
attached to a coil spring 27. Such spring is mounted between two brackets 28 and 29, the 
late rformer fixed to a crossbeam 31 mounted on the vehicle body, having two rods 32 as a guide 
for the coil springs 27 and pushing ends 33 applied to the plates 30 that pass loosely through. 

[0046] FIG 13 shows a configuration where the two coil springs 27 linked to the transforming 
elements 26 are related with the vehicle body through the balance beam 34, linked to the vehicle 
body through an axis going through the pivot point 35, and to the rods 32 at its ends, having like 
the previous case pushing ends 33. 

[0047] FIG 14 shows a different configuration for balance beam 34 that has the brackets 28 and 
29 at the ends of its arms with coil springs acting under compression like in FIG 9. 

[0048] FIG 15, as in previous figures, shows the layout of the transforming elements 23 with a 
single compressing spring coil 27 that links the two crossing transmission elements 26 arranged 
in two parallel planes. 

[0049] FIG 16 shows a layout where the direct and inverse transforming axis are arranged 
longitudinally in respect to the vehicle, and the transmission elements 26 are crossed in the 
transverse direction, having one single coil spring 27. 

[0050] FIG 17 is a representation of a mechanical layout similar to FIG 15 where the 
transmission elements 26A and 26B are arranged on the same plane, side by side through the 
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single coil spring 27 mounted between thebrackets 37, each of them joined to fixtures 38 and 39 
each linked to one transmission element 26 A and 26B as shown in the detail view 19 

[005 1] As it can be seen in figures 1 8 and 20, the transmission elements 26 A and 26B are 
crossed over by means of the connecting arms-^24A I 24D, so the arm 24B is related to arm 24C, 
and arm 24A to arm 24D. 

[0052] In this invention, the elastic elements connected to the vehicle body can be mounted on 
one or two mechanic, electro mechanic or hydraulic actuating elements such that their movement 
in respect to the vehicle body varies its height in respect to the ground; the balance beam axis can 
be mounted on one or two mechanic, electro mechanic or hydraulic actuating elements such that 
their movement in respect to the vehicle body varies its height in respect to the ground; and the 
central resilient element can have a mechanic, electro mechanic or hydraulic actuating element 
able to move one of the resilient element fixtures, in such a way that varies its effective length, 
and by so varies the height of the vehicle in respect to the ground. 

[0053] FIG 21 shows a variation where each receiving and actuating element of the two pairs of 
vehicle wheels is made up by the rods 40 of pistons 41 of single effect hydraulic rams 42, the 
direct and inverse transforming elements are arranged in a unique central hydraulic cylinder 43 
containing two free moving and opposed pistons 44. showing activ e Active areas 45 are equal 
and concentric, and are subject to an internal actuator made of a coil spring 46 and/or pressurized 
fluid 47 , showing e ach pisto n On the outer side of each piston, a cylindrical and coaxial 
compartment 49 and a coaxial compartment 50 thatoorrespond to the active sections of Stte heach 
pisto n pistons, being . eae hEach compartment 49 and 50 communicates with a connection 51 
that extends t owards the corresponding receiving and actuating element 40 for each of the 
diagonally opposed wheels . 
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-[.0Q54]_In_the_above implementation, the activ e central se ction of fr ee-moving pist ons 44 can be 
eliminated, acting as active area the inner face where the coil spring is applied. 

[0055] The actuating devices can be made up with a pair of single effect hydraulic rams as in 
FIG 6, with a common acting force. Such two cylinders can be concentric and of equal active 
area, be made up from three cylinders where one is equivalent to the other two, or four equal 
rams arranged at the ends of a cross. 

[0056] FIGs 22 and 23 represent a variation where the central hydraulic cylinder 43 is made up 
joining three hollow concentric cylinders, with a central cylinder 5252 has a larger diameter, and 
the side cylinders 53 are the two equal and of smaller diameter, closed at their free ends 54. 
Inside such hollow body there are two free moving double pistons 55 made up one larger 
diameter piston 55 A placed inside the larger central cylinder 52, and a smaller piston 55B p laced 
inside the corresponding end cylinder 53, thus determining one larger central cavity 56 
associated to the central cylinder, 52, two smaller intermediate cavities 57 and 58, and two 
smaller ending cavities 59 and 60 associated to the side cylinders 53, all cavities connected in 
such a way that the smaller intermediate cavities 57 and 58 are respectively communicated with 
the simple effect hydraulic ram 42 for wheels B and A, while the smaller end cavities 59 and 60 
are respectively communicated with the simple effect hydraulic ram 42 for wheels C and D^-and 
th e. The central cavity 56 has an actuating device made of resilient means such as pressurized 
fluid 62, coil spring 46 or rubber-like body, the two last cases not represented in th e figur e Figs. 
22. One preferable implementation of such central hydraulic device 43^ is shown in figures 23 
and 24. 

[0057] Preferably, the area of the central cylinder 52 is approximately double the area of each 
side cylinders 53.. 
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[0058] The resilient means used in the actuator in the central cavity can be made of a double 
resilient element that independently pushes pistons 55A that close such larger central cavity 56. 
Another possibility is to divide the central hydraulic device 431 i n two halves that can b e 
relate dcommunicate through an additional conduit that has means to regulate the flow of the 
fluid. This is shown in Fig. 28. 

[0059] FIG 25 shows an arrangement of the central hydraulic cylinder 43H, where each double 
piston #5-is made of two or more related pistons 63 in single effect hydraulic independent rams 
64. . withth e The purpos e of two or more cavities of these new cylinders can substitute the two 
intermediate smaller cavities 57 and 58 and end cavities 59 and 60 that are separated by the 
smaller diameter pistons 55B shown in FIG. 24. , b e ing all The hydraulic conduits 61 are 
connected following the expos e d in a diagonal arrangement, and fektin gare communicated aH-by 
the rods 65 of the two groups of pistons 63 through a single resilient element 66 acting as the 
actuating device used in the larger central cavity 5466. 

[0060] FIG 22 shows how two-way regulation or damping devices 67 are inserted in the pipes 
and connect connecting the central hydraulic device with all simple effect hydraulic cylinders 42 
associated with the wheels. Additionally, the larger central cavity 56, the smaller intermediate 
cavities 57 and 58, the end cavities 59 and 60, the hydraulic conduits 61 that connect thesethe 
cavities with the hydraulic rams 42 associated to each wheel and the very hydraulic rams 42 are 
connected to the damping devices 67, which can be one or several pneumatic expansion 
chambers 68 that can be disconnected through electro valves 69, such as these represented in FIG. 
26. 

[0061] On the other side, the four main hydraulic conduits 61 that connect the smaller cavities 57, 
58, 59 and 60 of the central hydraulic device 431 with the simple effect hydraulic rams 42 
associated to the wheels are susceptible to be connected among them through devices that allow 
the flowing of a limited quantity of fluid depending on the pressure differential between the 
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— hydraulicxonduits.-This communication 's preferably applied between h ydrauli c conduits from 
wheels of the same side of the vehicle. FIG 27 shows this device made up with a free-moving 
piston 70 between two coil springs 71 inside cylinder 71. Fig. 29 shows an arrangement 
including this communication. 

[0062] It has also been anticipated having means to provide pressurized hydraulic or gaseous 
fluid or drain it from the larger central cavity 56 with the purpose of varying the average distance 
between the vehicle body and the wheels. The same result is obtained including a mechanical 
device that pushes the two larger diameter pistons 55A placed in the central cavity 56 in the 
central hydraulic device 43. 

[0063] Therefore cavity 56 can include one or various resilient elements that have one or various 
mechanical, hydraulically or electromechanical actuators that can vary the average distance 
between the vehicle body and the ground. 

[0064] Additionally it has been anticipated that each hydraulic conduit 61 is derived into one or 
more devices with a variable volume cavity such as that the circuit pressure increases, it 
compresses a resilient or pneumatic element that facilitates the entry of hydraulic liquid in the 
cavity. Analogously, each hydraulic conduit can have one or more regulating devices or valves, 
passive or active for the hydraulic fluid. 

[0065] This invention anticipates that one or more wheels are substituted by sets of wheels, each 
wheel has one single effect hydraulic ram, and all rams communicated among them and with the 
hydraulic conduit of the wheel set corresponding to the central hydraulic device. Such 
substitution can be applied to a caterpillar device. 

[0066] The invention also contemplates the fact that when the wheeling sets are made up of more 
than one wheel, each with the corresponding single-effect hydraulic ram, all the hydraulic rams 
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are connected to each other and to t he hydraulic central dvieedevice throug h t he condui t 
corresponding to ouch wh ee ling o e t the wheel set . 
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ABSTRACT 

This antiroll and anti pitch syst e m for a v e hicle, and th e d e vic e for its impl e m e ntation 
that cooperat e s th e v e hicl e suspension or substituting it, allows that the wheeling s e ts k ee p 
contact with th e ground and a uniform load distribution e v e n wh e n th e cas e of an irr e gular t e rrain, 
b e ing such wh ee ling sets r e lat e d two to two in a diagonal arrangem e nt through int e raction m e ans 
that r e c e iv e th e thrust of one or more wh ee ling s e ts and adapt th e m to transmit th e m to th e oth e r 
wh ee ling s e t, with th e purpos e of maintaining th e uniform load distribution and r e duc e th e roll 
and h e ading of the v e hicl e . 

Th e vertical forc e s d e tected in th e wh ee ling sets work through m e chanic, hydraulic, or 
e l e ctrical m e ans mad e up by m e chanic r e sili e nt e l e m e nts, hydraulic and/or pn e umatic e l e m e nts 
and e l e ctronic d e vic e s. 

An antiroll and anti-pitch device for a vehicle having four sets of at least one wheel 
provided in a two-by-two arrangement, including a central resilient element, two central 
actuating elements, four wheel actuating elements, and four wheel transforming elements. Each 
of the wheel actuating elements is associated with one of the four sets of at least one wheel and 
capable of providing a transmitting force determined by a vertical force to which the associated 
set of at least one wheel is subjected. The central resilient element is capable of opposing a force 
provided by a first of the central actuating element and a force provided by a second of the 
central actuating elements. 
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